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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress degradation of ferroelectric 
substance memory characteristics. 

SOLUTION: With a columnar crystal particle 23 of platinum group element 
provided, the columnar crystal particle is so oriented that its longitudinal 
direction is parallel to a base material surface 10a where an electrode 17 is 
provided, provided that the crystal growth direction of the columnar crystal 
particle is longitudinal direction of the particle. Related to a ferroelectric 
substance memory electrode, a platinum group element is a kind of element 
selected among platinum, iridium, ruthenium, and osmium. Related to the 
ferroelectric substance memory electrode provided as a first electrode 
between a base material and a ferroelectric substance film, a laminating 
structure of a platinum layer and a layer of platinum group element except 
for platinum is provided. 
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[0005] 

5 [Problems to be solved by the invention] 

However, even in an MFMIS-FET, when polarization is 
repeatedly inverted by applying a voltage to a ferroelectric 
film, film fatigue occurs. 
[0006] 

10 For example, a Pt electrode, which is widely used 

as a first electrode, is an aggregate of Pt columnar crystal 
grains. A ferroelectric film disposed on the Pt electrode 
contains lead (Pb) . In a conventional first electrode using 
Pt, the longitudinal direction of the Pt columnar crystal 

15 grains is perpendicular to the surface of the substrate on 
which the electrode is provided. Therefore, many grain 
boundaries are formed parallel to the longitudinal direction. 
Because grain boundaries continuously exist from the point 
where the first electrode contacts the ferroelectric film to 

20 the point where the first electrode contacts the substrate, 
the components constituting the ferroelectric film easily 
diffuse into the first electrode along the grain boundaries. 
There are Pt grain boundaries in the Pt electrode, and 
therefore lead, etc., is diffused in the Pt electrode along 

25 the grain boundaries. This causes an oxygen deficiency in the 
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ferroelectric film and generates space charge. It is assumed 
that one reason for film fatigue is that the space charge 
offsets the electrical charge attributable to residual 
dielectric polarization. 
5 [0007] 

Therefore, the use of iridium oxide (Ir0 2 ) electrode 
and like oxide electrodes as a lower electrode (first 
electrode) is proposed. This is because, since, unlike Pt, 
the oxide forming the electrode is not a columnar crystal, it 
10 is believed that diffusion of constitutional components of 
f erroelectrics can be prevented. 
[0008] 

However, considering chemical stability and heat 
resistance, the use of Pt and like platinum elements for an 
15 electrode is preferable. 
[0009] 

Furthermore, Bi layered compounds are drawing public 
attention as a ferroelectric film material having fatigue 
resistance, and various research is being conducted into 
20 SrBi 2 Ta 2 0 9 -based materials in particular. 
[0010] 

However, if a ferroelectric film comprising a Bi 
layered compound is formed on a Pt electrode, Bi diffuses along 
the Pt grain boundaries, and there is a risk of Bi reaching 
25 the semiconductor located below the Pt electrode. This 
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changes the properties of the semiconductor so that it cannot 
be used as a f erroelectrics memory. 
[0011] 

Therefore, an electrode that can suppress 
5 deterioration of f erroelectrics memory properties, and a 
ferroelectrics memory provided with such an electrode have 
been long awaited, 
[0012] 

[Means for solving the problems] 

10 The structure of one electrode for a ferroelectrics 

memory of the present invention is such that the electrode 
comprises columnar crystal grains of an element of the platinum 
group, and when the crystal growth direction of the columnar 
crystal grains is defined as the longitudinal direction of the 

15 grains, the columnar crystal grains are oriented in such a 
manner that their longitudinal direction is parallel to the 
surface of the substrate on which the electrode is provided. 
[0013] 

In the structure of the first electrode of the 
20 present invention, as described above, the longitudinal 
direction of the columnar crystal grains is parallel to the 
surface of the substrate on which the electrode is provided, 
and therefore the grain boundaries are not formed 
substantially continuously from the point where the first 
25 electrode contacts the ferroelectric film to the point where 
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the first electrode contacts the substrate. In the electrode 
structure of the present invention, even if the components 
constituting the ferroelectric film diffuse from the 
ferroelectric film into the first electrode during a step of 
5 forming a ferroelectric film on the first electrode, the 
diffusion speed is very slow compared to prior art electrodes, 
and therefore diffusion of components reaching the first 
electrode can be suppressed. This prevents the 

constitutional components of the ferroelectric film from 
10 reaching the semiconductor, etc., which comprises the 
substrate and is located below the first electrode. 
Accordingly, deterioration of the properties of the 
f erroelectrics memory can be prevented. 
[0014] 

15 It is preferable that the element of the platinum 

group that forms the first electrode be at least one member 
selected from the group consisting of platinum, iridium, 
ruthenium and osmium. 
[0015] 

20 Here, it is possible to use platinum, ruthenium, 

rhodium, palladium, osmium or iridium, which are elements of 
the platinum group. Among these, platinum, iridium, 
ruthenium and osmium are widely used as electrode materials. 
[0016] 

25 It is preferable that the first electrode be a 
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layered electrode comprising a platinum layer and a layer of 

a platinum group element other than platinum. 

[0017] 

Even though the longitudinal direction of the 
5 platinum columnar crystal grains in the platinum layer of 
platinum electrode that forms the first electrode is 
perpendicular to the surface of the substrate on which the 
first electrode is provided, a layer of platinum group element 
other than platinum is formed on the platinum layer . Therefore, 

10 if the layered structure of the first electrode has layers of 
differing elements, the more kinds of element used, the less 
the possibility of the grain boundaries being continuous. 
Therefore, it is difficult for the grain boundaries to 
continuously exist from the point where the first electrode 

15 contacts the ferroelectric film to the point where the first 
electrode contacts the substrate, and therefore it is possible 
to prevent the constitutional components of the ferroelectric 
film from diffusing from the ferroelectric film into the first 
electrode during the fabrication steps subsequent to forming 

20 the first electrode. 
[0018] 

Furthermore, it is preferable that the platinum 
group element other than platinum that forms the layered 
structure of the first electrode be one element selected from 
25 the group consisting of iridium, ruthenium, and osmium. These 
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elements can be used singly for the first electrode . Therefore, 
to not deteriorate the properties of the electrode, it is 
preferable to use these elements. It is possible to form a 
layered structure using two types of layers including a 
5 platinum layer and another layer composed of an element 
selected from the above-mentioned group. It is also possible 
to obtain a layered structure from, for example, three types 
of layers, such as a platinum layer, an iridium layer, and a 
ruthenium layer, or from four or more types of layers. 
10 [0019] 

It is preferable that the first electrode be formed 
from a layered structure comprising a platinum layer and a 
layer of an oxide of a platinum group element other than 
platinum. 
15 [0020] 

It is preferable to use one or more oxides of a 
platinum group element selected from the group consisting of 
iridium oxide, ruthenium oxide, and osmium oxide. These 
oxides are conductive and can be used as electrode materials. 

20 Furthermore, because these oxides are not columnar crystal 
grains, if the first electrode is formed as a layered structure 
comprising a platinum layer and a layer of such an oxide, even 
if the constitutional components of the ferroelectric film 
diffuse from the ferroelectric film disposed on the first 

25 electrode to the first electrode, the oxide layer serves as 



a barrier layer. Therefore, it is possible to prevent the 
diffusion from progressing beyond the oxide layer. 
Furthermore, because a platinum layer with chemical stability 
and heat resistance is one of the constitutional components 
5 of the first electrode, it is possible to make the electrode 
more chemically stable and heat resistive than in the case 
wherein the first electrode is composed of only an oxide layer. 
[0021] 

It is preferable that the layer in the first 
10 electrode that contacts the ferroelectric film be a layer 
composed of an oxide of a platinum group element. 
[0022] 

The first electrode formed from a layered structure 
comprising a platinum layer and an oxide layer of a platinum 

15 group element other than platinum is arranged so that the top 
layer thereof is an oxide layer of an element of the platinum 
group. Because the oxide forming this layer do not have 
columnar crystal grains, continuous grain boundaries do not 
exist in the layer. Therefore, it is possible to prevent the 

20 diffusion of the constitutional components of the 
ferroelectric film from the ferroelectric film located on the 
first electrode into the first electrode at the surface of the 
first electrode. 
[0023] 

25 Furthermore, in a ferroelectric memory sequential 
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comprising a first electrode, a ferroelectric film, and a 
second electrode on a substrate, by arranging the first 
electrode so as to have the same structure of the 
above-described electrode, it is possible to prevent the 
5 constitutional components of the ferroelectric film from 
diffusing from the ferroelectric film into the first electrode 
during the step of forming the ferroelectric film on the first 
electrode. Therefore, there is no risk of the constitutional 
components of the ferroelectric film reaching the substrate 
10 located below the first electrode. This makes it possible to 
prevent device contamination and deterioration of the 
ferroelectric memory's properties. This improves the 
reliability of the ferroelectric memory. 
[0024] 

15 For example, it is preferable that the first 

electrode be composed of columnar crystal grains of a platinum 
group element and the longitudinal direction of the columnar 
crystal grains be parallel to the surface of the substrate. 
This makes it possible to reduce the diffusion speed of the 

20 constitutional components of the ferroelectric film, because 
the grain boundaries of the columnar crystal grains which serve 
as a diffusion channel during the step of forming a 
ferroelectric film on the first electrode are substantially 
not continuous from the ferroelectric film to the substrate. 

25 [0025] 



The first electrode may have a layered structure 
comprising a platinum layer and a layer of a platinum group 
element other than platinum. This prevents the grain 
boundaries of the columnar crystal grains from becoming 
5 continuous, and therefore it is possible to suppress diffusion 
of the constitutional components of the ferroelectric film. 
[0026] 

The first electrode may be an electrode having a 
layered structure comprising a platinum layer and an oxide 

10 layer composed of an element of the platinum group other than 
platinum. Because oxides do not have columnar crystal grains, 
there are no grain boundaries serving as a diffusion channel 
in an oxide layer of a platinum group element. Therefore, 
diffusion of constitutional components from the ferroelectric 

15 film can be suppressed. 
[0027] 

It is preferable that the above-described platinum 
group element be selected from iridium, ruthenium and osmium. 
[0028] 

20 The present invention can be applied to electrode 

materials, such as lanthanum chromite (LaCr0 3 ) , calcium 
lanthanum chromite (Ca x Lai- x Cr0 3 , with 0<x<l) , lanthanum 
cobaltite (LaCo0 3 ) and strontium lanthanum cobaltite 
(Sr y Lai-yCo0 3 , with 0<y<l) , which are not elements of the 

25 platinum group but are widely used for conductive oxide 
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electrodes, wherein the grain boundaries are continuously 
formed perpendicular to the surface of the substrate. When 
such electrodes are formed as an electrode having a layered 
structure, it is preferable to form the electrode so as to have 
5 a layered structure comprising a conductive oxide layer and 
a layer of a platinum group element; or alternatively, a 
layered structure comprising the above-described conductive 
oxide layer and a layer of an oxide of a platinum group element, 
such as ruthenium oxide, iridium oxide, etc., which are 
10 conductive. 
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9zffl~<Z7K~$~ . ) a*TifecD^ffi 1 0 a iWrfc&tjT^S 
<BI1#J». ) . COft*, t5f2 5UTMlOa 
i^fTtStt-rsiifcttt), Tffi«ffi 1 0 a tSit© 

7 a^eT^ife-r^fiiJl 7 b'WftfrvJjftlZte. ®.R 
2 5id«MLTM$na<ift| l . Z\<Dfc$>, »2 5 

m@i 7©ToT*i otcst?. &R«#«|cd#|(£j£# 

jws-t * n t < & * & * fc . ?£t£«# ^ ^ u o«?tt 

s^ifr/tu com 1 tltLTfflUS £ 

•5. 20 

[0 0 4 1] S&, 3£»«W8ll 9 tLtlt CCOHJS 
©Mtffl^fcSrBI, Ta, O, ICE^f, ffi© 

[0042] Tiioa. co^ffojg&oflus 

it*^5. ioTCOTttSJaWtSHBimfM^EU 30 
[0 0 4 3] <*2 0*M©»!B>*2 0*«g©»IBO 
H3tt. ^©lljKWBIBoaWWM^'Jffl** (mi 

«, T^±ic?tgim^^ ; &uffl«iiTS.^mims<i:, 
c n «m i (DnmnBWi t » -t a, t* h« k l tsi s 
[0044] jy.T\ miconjgco^sitfflitTs^c^ 40 

[0045] $-r, mi»sufio^S8tra«fcL.T, -> 

Un>Sffil 1 ±K#U ->U 3>@ 1 3*5j;tfT i NA* 
'J711 5t**«IbTT»l 0£JE2fiJcT* (m 
2) . 

[0046] ^fc, n&z-fv vhL. wtm* 1 o^a 

>^£fToT. TiNAU7I15±CiieiI31 

£ 5 0 0 AOJPSfCJgJjfc-rS (0 3#M. ) . #2</>T. 50 
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S&J13 l±l;IH U^«i7AS3 SfeX/ty 
^'J >^ICJ;-3T5 0 0 AflDffSKJBefc-r*. -f«J3?«> 

H'Jy^AI3 3±l:l2aM3 5. 12^13 
5±l:g2-fUy^I3 7, I2^Uy^I3 7± 
fCfg3e&ji3 9, «3fiM3 9±l:I3'fUi"?A 

§4 i ^jn^tctts^-e-^o z.<Dmm<Dmmx'\t, e& 

IM Ui^AJf#3JfTO;|tJf Stlfc, 3 0 0 0ACO 
JPS<06Ji«ifi©JI5l««l 7*«»fife*n* (@3# 

[0 0 4 7] I11S17 ±K:3£i8m#BI 1 9 

SrBi, Ta, O, BISrJgfiKU uOSrB 
i, Ta, O, Hi 9±KS&©JB2*«2 1 S»J*U 
T3»8i«*M^:U©£R0>*lie#S#* (0 2) „ 
[0 0 4 8] CCDSgjH, illSHU £S 

uncto. -wecoa^co® (iia^i3i) 
&&<Dmft&i : t&&mzttUTmmzBi8.£ 

133) T, -II©e^©^ili'f US>9A0>ttft 
cromi«Mi 7 ©»»|«#:«fflj© 
3^UvWl4 l^f.TMlfflIT$5^ 

Cicottl 94Mt5^IlfIl 7«ffci£ 
«-r*«Z>*«liW-r*C4:3^T?**. tot, THU 0-s 

d©*JS«)^C03i««#:|^l 9 <hL 
^ >mV)VU >^»MC0«Egfig^C0m 1 ®& 1 7 ^vCD 

vmi)mMi*nz>izib\z. coisffitsa-rs^*^ 
[0049] sfe, ntgi 7coa^cog«. mice 

[0 0 5 0] ^fc, 5t^m^ttl 9iLTIt fficOB i 

[0051] sfc, TtioB. z.commcDMm(Dmi& 
m\zm*>nz> : b<DT'\tu<, *»#*«*^trT«i-e* 
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[0052] <i 3 (Dmm<^mm>m 3 o>m&ommt. 

H. T*±»::JS l ««. ^fM*i^21SS 
StwajffltigT&SWCO^ 0 2*5J;tf0 4£#!ig 
•5. 10 

[oo5 3] losiRift^tijn &2<Dmm<DMm 

[0 0 5 4] IBl*J:tf*2 0SIMiO»«t«it 

[0 0 5 5] S-T, d©^©^©^®***^© 

[0 0 5 6] SI*, *1 H«fc:LT->'J 
3>S«1 1 ±IC#U ->U 3>g 1 3*5«ttXT i NA*U 
7M 1 5 S'WB^ISS bTTife 1 0 £rfl?fi£"3"-5 (0 2) . 20 

w,2<DMm<»wmtimmzL,x. h©t*iio 
Awj^stx^-rs (0 4) . m>T, cwiieM 

511:120414 7, !2S^l4 7J:l;l2Sjt-f 
Ui"?AI4 9, g^ftftrf 'Ji"?AI4 9±k:13fi 

a*«tBift-fu^"5^*t«t3jB'roa»stifc, 3 30 
0 ooA»f^©6iiigo^iiii 7jwgj6Ksn* 

(04#1. ) . 

[0 0 5 7] ■?-©«. SliSl 7 ±K3<&««fls:BI 1 9 
TfeS, SrBi, T a, O, d©S r B 

i. Ta, O, 119±l;6^2ii2 l^ML 
T»«*#*^U©±H<B«iS#£»3 (02) . 

[0 0 5 8] ZKDIS*. 111117(1 e^©*<te 
&*7C*<0BMb < t&T?**ttflS-f 'J v^A©« £©«)!« 

aiftotus. cntc^o, -ikds^i die 
^143) tc^-c. a^©^L^T^ffi^^ji:(c^ 40 

u v'^aw 4 5 ) TttBMb-r u >?i>A*»attisiis 
ftiiae&^o-p, -jgB©e&©&#£aiaufc& 
m-m&znts.^. ioT, d©ii®ai 7©3nsf« 

#Mtffll©Ji-e*SiS3BMt-f 'J v^AJ!5 3*»6T*flJ 
©ET*5ll aM4 3£T?j^Lfc&#te^fifcSft 

c<Dtcn>, ^i«g^«©sjjsxs«f»t, 
tftii 9A^c©ii miss 

rife i o ^<D&mmitm 1 9 ©«^»©i£«*>wi$!i$ 50 
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KCutms. sec, £©fWS©J&tg©3fi&«#: 
Ml 9 £LT«*«^>*5?;U3 1^4 

>g^;i^ >&ia^©#tf£fi)c#©i 1 s 

Si 7'v©i£«trttfflfrJ£n-5£:«>K. HOjftttfcfiHT 
43fi|gSm#ISI (^^>S^n>g?»K) 1 9 0l)t&# 

[0 0 5 9] Sfc. H©*Jfi©#ffiT?tt. 111117 
©3aSt«#ffiHM©H«, l3S^'JyOAl53tL 

»K. 5&i8«#BJ£l 9©*fi£^©t£«fc^-rsAU7 
.tot, Sltll7C^lftIi©SB 
TiSftSHlk-r* -5. 
[0 0 6 0] 11 mil 7 ©£&©«&, 11© 

[0 0 6 1] *fc« 1 9 <h LTtt, ffi© B i 

■5 A® Srffl (Afc d ©*SS©^« t S tl 

So 

[0 0 6 2] TAUOte. C©*ifi©^Si©«l^ 

WcfSe-tl •&*>©-?«&<. ¥^#:S1S&^tfTfl6trS) 
TSfe±t;l9!tt ^©^HJSrjgffi-ra C <h 
Tite^©3^«^©«fi£^©fe«!t*ffii3i'J-ra 

©#tt©3JflS£l» £-5. 
[0 0 6 3] 

[^HJ©^m] ±iiBLfcltt93j6*&'bWSA>&.fc-5K:. c 
©38woa«s«#^ t U U fflUS© 

«jgfc«ttitf, -5-©«ffi«i3fi^e^7c3fi©ttttisasit 
^TtifiK^tiTv^T. c©ft«^a^©^Sfie^fS] 

K * -5 J; 5 12 f6] £ ft T ^ £ . 

[0064] z-<DtLtb, e&©&if «n mmo&mm 
[oo6 5] coaw©«a*iS»=j:ntf. 11 

6, d©IR©«fi£fie^Ta5fll*^i£«L 

mi+tc3i-ri)3tR«#:^©^fi£fS»©fe«[^ffli$!i-r-5 

Z.t1fiTS&. dtlfCtd. ll«l©TfC'KB-r-5T 



( 7 ) 
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[0 0 6 6] £©389I©ffiO«S«i6fcJ:*l«, 
[0 0 6 7] C<Oct5a:«liS<Otl«ST*t3fi»«#« 

[HROffi*ttR9i] 

[0 1] IBlOStlttOjnRoatRV^^iJAUOM 

[0 2] ^l-^3O^]f|g(0^^^1t>7 P ;UO«B&^^ 

[0 3] IB2^«ia>«IB0!>«l««|O«iBa)RnK:ft 

[04] «3 0ftttO»IBO|fll«CflE)«jBtORn(ClK 
TSRRH-C**. 
[»^ORW] 
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